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We report in this paper room temperature light emission from high-Q erbium-doped silicon-rich oxide microdisks and microtoroids. Spatially resolved photoluminescence allowed us to demonstrate the coupling of erbium ions luminescence to whispering gallery modes.
Rare earth ions show a luminescence spectrum almost independent of the host matrix, thanks to the shielding of the emitting levels by surrounding electronic layers. This property has been used with erbium to obtain luminescence from various materials in the range of wavelength around 1.5 µm [1] . In particular, obtaining luminescence from silicon-based materials is of great interest, since silicon itself is not a good light emitter. Recently, the demonstration of silica based ultra high-Q microcavities, namely the microtoroids, has drawn great interest from the scientific community [2, 3] . The achievement of low threshold lasing from such cavities doped with erbium is one of the very promising results on integrated photonics of last years [4] . In addition, one can improve emission properties of erbium by controlling its chemical environment. For instance, a great amount of work has been carried out on erbium doped non stoichiometric silica. In this material, silicon clusters play the role of sensitizers for erbium, by increasing the absorption of the pump beam [5] . Therefore, we propose the integration of erbium-doped silicon-rich oxide into microdisk and microtorus. We demonstrate coupling of erbium luminescence to several high-Q whispering gallery modes at room temperature. The spectral structuring of erbium luminescence is investigated by spatially resolved photoluminescence, which allows us to study the localization and polarization dependence of the cavity modes.
The cavities presented in this paper are made out of silica obtained by thermal oxidation of a silicon substrate. First, we define a pattern of circular photoresist pads that is transferred to the silica layer by wet etching using buffered HF. The edge of the resulting silica disk is then isolated from the substrate by selective isotropic etching of silicon, using SF 6 /O 2 reactive ion etching. After removing the remaining photoresist from the disk surface, an erbium-doped silicon-rich oxide layer is deposited on the top of the disk by coevaporation of erbium and silicon under oxygen. The stoichiometry of the material is controlled by the ratio between Si and Er evaporation rates and oxygen pressure. The sample is then annealed under nitrogen at 700°C for 1 hour in order to activate erbium. The material composition is optimized to obtain the highest possible room temperature photoluminescence signal from the sample. At this step, microdisk can be characterized in our micro-PL setup [6] . A subsequent CO 2 laser annealing can upgrade this microdisk into microtorus. Indeed, 10.6 µm radiation from a CO 2 laser is absorbed by silica, but not by silicon. Moreover, silicon thermal properties are such that the pedestal efficiently cools down the silica microdisk center. This results in an auto regulated selective melting of the microdisk edge. The resulting cavity is formed under surface tension in liquid state silica, that solidifies leaving a virtually perfect surface state. This process step makes it possible to increase the quality factor of the cavity up to a value of 10 8 [2]. The samples are characterized using a PL setup which is spatially resolved at the micron scale, with independent excitation and collection. Erbium atoms are excited through silicon clusters of the SRO:Er matrix using the 351 nm line of an Argon ion laser. The excitation laser and the monitoring camera are focused onto the surface of the sample using an achromatic mirror microscope objective. The PL signal is collected from the edge of the microdisk, in the disk plane, by a near infrared microscope objective. This signal is then analyzed using a grating spectrometer and a 256 elements infrared CCD camera.
In this optical configuration, one can excite selectively different part of a microcavity. Figure 2 shows PL spectra from (a) the center, and (b) the edge of a SRO:Er microdisk. The spectrum obtained from the center of the disk is characteristic of erbium luminescence, with a main peak at 1535 nm and a shoulder around 1550 nm. This corresponds to luminescence from erbium ions coupled to leaky modes of the microdisk, and not to WGM. When the excitation spot is shifted from the center to the edge of the disk, narrow peaks appear in the spectrum, revealing coupling of erbium to WGM. This experimentally demonstrates that WGM lie only on the edge of the disk [6] . The spectrum obtained from a microtorus is quite similar, as depicted on figure 3. This calls for two comments. First, because of the limited spectral resolution of our setup, corresponding to a measured Q of 3000, we are not able to differentiate between microdisk and microtorus by looking at the spectral width of resonance peaks. Thus, we can only assume that real Q of our cavities are higher than 3000. Second, luminescence properties of our sample remain quite the same in spite of the melting step of the material. Considering the tendency of erbium to coalesce at temperatures higher than 1100°C, which results in luminescence quenching [1] , this can be considered as a very important result.
We have fabricated SRO:Er microdisks and microtorus and succeeded in obtaining room temperature emission at 1.5 µm from such cavities. We demonstrate coupling of erbium luminescence to WGM with Q higher than 3000. Therefore, with the ability of SRO:Er to be electrically pumped [7] , we can hope to achieve electrically pumped light source integrated on silicon. 
